The aim of this study was to examine the anticancer activities and phytochemical profiles of Dicranum scoparium against HeLa cell lines. The bio-guided fractionation studies of dichloromethane extract have high antiproliferative activities. Fractions 7, 9, 19, 20 are rich source of unsaturated fatty acids, and-in the case of Fr-19 may improve the antiproliferative activities as well as increase the unsaturated fatty acid content. The effect of proliferative activities in hexane extract can be attributed to the saturated fatty acid composition of D. scoparium. The Fr-9 exhibited strong antiproliferative activity at concentrations of 100 and 50 µg mL -1 compared to 5-FU. The fractions of 7, 9, 19 and 20 from dichloromethane extracts exhibited antiproliferative activities at a concentration of 100 µg mL -1 . The HPLC-TOF/MS studies gave nine compounds from the most active fraction of dichloromethane at concentrations of 250 and 100 µg mL -1 . The lower activities were obtained from the fractions including steroid derivatives.
INTRODUCTION
Bryophytes are the second biggest plant group after the flowering plants and show interesting chemical features (terpenoids, phenols, fatty acids, etc.). Chemical constituents of bryophytes serve biological activity such as antimicrobial, antitumor, anticancer are used in medicine and agriculture. Notwithstanding that, the history of chemical constituents isolated from bryophytes is based on five decades [1] , and studies on bryophyte chemistry have increased over the past decades. Particularly, rich sources of bioactive molecules have been observed from bryophytes' gametophytes [2] .
The studies concerning the antioxidant and antifeeding activities, and volatile contents of bryophytes [3, 4] and lipid metabolism, biosynthesis of volatile oxylipins, acetylenic oxylipins of Dicranum scoparium were studied [5] [6] [7] [8] . Despite the studies on the activity of D. scoparium, little is known about the antiproliferative activities in bryophytes [9, 10] .
Currently, very limited studies have focused on biologically active chemical constituents of bryophytes in Turkey [11] [12] [13] [14] . To our knowledge, there are no published reports on the antiproliferative activities (HeLa cell lines) of the volatile contents, extracts and other compounds of D. scoparium. In this study, we examined the solvent extracts, fractions, volatile contents, and HPLC-TOF/MS profiles of D. scoparium activities against HeLa cell lines. The results showed that D. scoparium is a rich source of natural products including volatile unsaturated fatty acids, steroids and triterpenoids.
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MATERIALS AND METHODS

Chemicals
The Silica gel 60 for column chromatography, thin layer chromatography (TLC) plates, Cerium (IV) sulfate, sulfuric acid, potassium hydroxide and all the solvents were obtained from Merck (Darmstadt, Germany). DMEM (Dulbecco's Modified Eagle's Medium), Trypsin-EDTA, fetal bovine serum, dimethyl sulfoxide, ethyl alcohol were purchased from Sigma-Aldrich (St. Louis, USA) and PenicillinStreptomycin was purchased from Biological Industries (Kibbutz Beit Haemek, Israel).
Plant Material
The plant material was gathered from Ilgaz Mountain National Park, located in the transitional zone between the Central Anatolia and West Black Sea Region, at an altitude of 1720 m, latitude 41° 03′ 19.253′′ N, longitude 33° 44′ 23.859′′ E, in September 2011. The species was collected at clean sites located at approximately 100-150 (m) from main road and mostly soil and little from rocks. D. scoparium was deposited in the moss collection of ABAY in the Plant Materials and Propagation Techniques Department, Recep Tayyip Erdogan University. The woodland habitats were dominated by pure Uludağ fir (Abies nordmanniana (Stev.) Spach. subsp. bornmulleriana (Mattf.) Coode et Cullen) stand, and also contained a mixture of Scotch pine (Pinus sylvestris L.) and the other cryptogamic and seedling plants dominated ground flora.
Extraction Procedure
The moss D. scoparium (600 g) was crushed in liquid nitrogen. The crushed moss species were dissolved three times in hexane (12 L), dichloromethane (14 L), ethyl acetate (12 L), and methanol (12 L) in a week time of each solvent at room temperature. The extracts were filtered and evaporated (600 mm Hg) at 20-35 °C. First, second and third crude extracts were combined and 2.91 g of hexane, 7.25 g of dichloromethane, 1.99 g of ethyl acetate, and 23.30 g of methanol extracts were obtained.
Chromatographic Analysis
The dichloromethane extract of the moss species (5.763 g) was separated with silica gel (110 g) column chromatography and 159 fractions were obtained. The fractions were combined with TLC visualized under UV light and cerium (IV) sulfate. The similar fractions were combined as Fr-1 (1), Fr-2 (2- 
Gas Chromatography (GC) Analysis
The contents of fractions obtained from dichloromethane extract of D. scoparium were analyzed by gas chromatography (GC) on Agilent Technologies 7890A GC System, 5975C with Triple-Axis Detector and HP-5 capillary column (30 m x 0.32 mm x 0.25 mm) 5% phenyl polysilphenylene-siloxane at an ionization voltage of 70 eV equipped with an FID detector. The oven temperature was programmed from 100 to 200 °C at 20 °C/min and from 200 °C to 250 °C at 20 °C/min, and held for 20 min, from 250 °C to 300 °C at 20°C/min and held for 20 min in the final temperature. Diluted samples of 1 µL were injected into the 1:10 split mode. Injector and detector temperatures were set at 250 °C. Helium was used as carrier gas at a flow rate of 1 ml/min.
Gas Chromatography/Mass Spectrometry (GC/MS) Analysis
GC/MS analyses were performed on an Agilent Technologies 7890A GC System, 5975C with Triple-Axis Detector mass spectrometer with a built-in-Autosampler formed with the usage of HP-5 capillary column (30 m x 0.32 mm x 0.25 mm). For GC/MS detection, electron ionization system and ionization energy of 70 eV was used. Helium was the carrier gas at a flow rate of 1 mL min -1 . The column temperature program was the same as described above.
Volatile Contents
The fraction contents were determined with GC/MS. For the analysis, 20 mg D. scoparium extract was dissolved in 3 ml of 1 M KOH in MeOH and vortexed for 3 min. Then, the separated hexane phase was dried with sodium sulfate and filtered with a 0.45 µm syringe filter (ChromTech). The esterified samples were injected into GC as explained above.
Antiproliferative Activity
The antiproliferative activities were tested for HeLa cell lines using a real-time cell analyzer (xCELLigence). The xCELLigence system was used with the disposable E-plate 96 for the measurements of solvent extracts, controls and medium. The measurements base on the impedance difference was caused by the cells attached to the E-Plate 96. The figures (Fig. 1 ) belonging to the cell index (CI) changing according to the cell numbers against to time were obtained.
Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal bovine serum and 2% StreptomycinPenicillinused as a medium were left in incubator (5% CO 2 ) at 37 °C. The medium (100 µL) were added to each well of E-Plate 96 and placed into the incubator. E-plate 96 was inserted to the xCELLigence station, and the background impedance was measured during 1 min. Then, 50 µL of each cell suspension was placed in medium containing wells and adjusted to 20.000 HeLa cells mL -1 . The plate was held in a sterile cabinet at room temperature for 30 min for attaching the cells to the E-Plate 96 wells. Finally, HeLa cells were monitored every 10 min for adhesion, growth and proliferation in a period of up to 3 h via the incorporated sensor electrode arrays of the E-Plate 96. The extracts were added to wells of plate and adjusted the crude CH 2 Cl 2 and Hexane extract concentrations of 250, 100, 50 and 10 µgmL -1 and sub-fractions of CH 2 Cl 2 extract concentrations as 100, 50 and 10 µg mL -1 . Final volumes were set to 200 µL. The plates were then immediately placed in the incubator and monitored every 10 min during 48 h. The tests were replicated and repeated three times given with standard deviation bars.
RESULTS AND DISCUSSION
Antiproliferative Activities of D. scoparium Extracts
Antiproliferative activities are a highly studied part for the medicinal plants and other natural materials [15] [16] [17] . However, cancer studies about bryophytes are limited. In this study, antiproliferative effects of Hex, DCM, MeOH and EtOAc extracts obtained from D. scoparium were examined on HeLa cell lines at the concentration of 250 µg mL -1 . In the first three hours, cells not treated with extracts were observed to have normal growth, but in a nutrient medium did not have any increase. Then, the extracts obtained from various solvents were added into the cell culture media of each well of E-plate 96. If no activity is observed in the first 17 hours in Hex extract, EtOAc extract showed the highest activity. Thereafter the activity was observed to increase in Hex extract between 17 and 53 h; the steep decrease of the methanol extract activity was observed to reach untreated cells. Likewise, the activity of DCM extract slowly continued to increase, and the activity of EtOAc extract decreased slowly and reached third maximum activity at 53 h. At the end of the total period of time, the maximum antiproliferative effects were observed as DCM, Hex and EtOAc, respectively. However, at the end of 53 hours MeOH extract showed no activity.
As a result of the activity test in various concentrations for hexane extract, the activity was observed at the concentration of 250 µg mL -1 , but the activity was not observed at low concentrations of 100, 50, and 10 µg mL -1 (Fig. 1A) . Dichloromethane extract showed the highest Fr-7, Fr-9, Fr-19, Fr-20 activity at the concentration of 100 µg mL -1 . In the lowest concentration of 10 µg mL -1 no activity was observed (Fig.  1B) . Interestingly, the highest activity was observed at the lower concentration of 100 µg mL -1 with lowest standard deviation. As expected, DCM extract concentration of 50 µg mL -1 , showed lower activity than 250 and 100 µg mL -1 .
Hex, DCM, MeOH and EtOAc extracts obtained from D. scoparium were examined for the antiproliferative effects against HeLa cell lines at the concentration of 250 µg mL -1 (Fig. 1C) and 100 µg mL -1 (Fig. 1D) . At the end of the first three hours, various solvent extracts were added into each well of E-plate 96 at room temperature. In the first 16 hours, the activity was not observed in Hex and DCM extracts, a slight activity was observed in EtOAc and MeOH extracts. The antiproliferative activity of DCM extract increased after 26 h to reach maximum at 53 h as the level of the medium at the concentration of 100 µg mL -1 shown in Fig. (1B, D) . In contrast, the cell proliferation and viability of the EtOAc, MeOH and Hex extracts decreased, respectively, to reach minimum activity at 53 h. Moreover, at the end of 53 hours MeOH and Hex extracts showed no activity as seen in Fig.   (Table 1 (1C, D) , respectively. Therefore, activity-guided chromatographic studies were performed on DCM extract. Fractions obtained from the column chromatography using Hex, Hex-DCM, DCM, CHCl 3 , and MeOH solvents and 159 fractions were collected. Similar fractions were combined and identified using UV light and Cerium (IV) sulfate. Antiproliferative activities and GC-MS analysis ( Table 1 ) of all fractions were performed and Frs 7, 9, 19 and 20 showed the highest antiproliferative activities (Fig. 1) .
As shown in Fig. (1) , the largest anti-proliferative activities were obtained from Frs 7, 9 and 20 at 100 µg mL -1 and Fr-19 showed less activity at the same concentration. 50 µg mL -1 in Fr-9 showed the highest activity, and antiproliferative activity was not observed in Fr-19. The activity was only observed from Fr-9 in the concentration of 10 µg mL -1 , the other fractions showed no activities. The activity of Fr-9 might be due to the chemical profiles as studied in GC-MS and HPLC-TOF/MS for fractions and DCM extract, respectively (Schemes 1 and 2) . The volatile profiles of fractions of DCM extracts with lower antiproliferative activities were given in Table 2 . The IC 50 results obtained against the HeLa cell lines (Table 3) for active fractions were higher than the reported results for [15] . However, the lower activity was obtained from the fractions (Frs 8, 10, 11 and 14) including steroid derivatives determined by GC-MS and given in Scheme 1.
Chemical Composition of Volatile Contents
The main components were determined in Fr-7 as 2-pentadecanone-6,10,14-trimethyl, 10-nonadecanol, in Fr-9 as 1-tetracosanol, cyclotetracosane, in Fr-19 as 9,19-cyclo-25,26 epoxyergostan-3-ol, 4,4,14-trimethyl-, acetate and 5,8,11-heptadecatriynoic acid and in Fr-20 as 4,7,10,13,16,19-docosahexaenoic acid methylester ( Table 1 and Scheme 1). The higher antiproliferative activities in higher concentrations (100 and 50 mg mL -1 ) were obtained from the fractions 7, 9 and 20 as shown in Fig. (1) . However, fraction 19 exhibited the higher activity in only higher concentration of 100 µg mL -1 and the lower concentrations (50 and 10µg mL -1 ) did not show any activities in Fig. (1) . The higher activity observed from fraction 19 could be in connection with the compounds determined as 9,19-cyclo-25,26 epoxyergostan-3-ol, 4,4,14-trimethyl-, acetate and 5,8,11-heptadecatriynoic acid. Table 1 shows that there are only two compounds in fraction 19 and activity could be attributed to these compounds or compounds given in Scheme 2. Table 2 shows the volatile profiles of fractions of DCM extracts with lower antiproliferative activities. However, the active fractions in Table 1 show the main chemical products of unsaturated fatty acids, hydrocarbons, and oxygenated hydrocarbons as seen in Scheme 1. Therefore, the activity of the fractions might be due to the chemical profiles of deoxypodophyllotoxin, valproic acid glucuronide, 6-hydroxyangolensic acid methyl ester, dihydrorotenone and staurosporine in DCM determined by ( HPLC-TOF/MS as seen in Table 3 , Scheme 2 and Fig. (2) . Other chemical profiles were also present in the solvent extracts (Hex, MeOH, EtOAc) which did not show activity in 250 µg mL -1 and less activity in 100 µg mL -1 .
CONCLUSION
The fractions (Frs7, 9, 19 and 20) obtained from dichloromethane extract gave the highest antiproliferative activities against HeLa cells. Dichloromethane extract and Fr-9 gave broad phytochemical content. As observed from GC-MS and HPLC-TOF/MS, dichloromethane extract with higher anticancer activity also had higher unsaturated fatty acids, ketone analogs and lacton contents (compounds 1-9). It can be concluded that the extract and fractions have the anticancer components. The strong antiproliferative activities of dichloromethane extract and the fractions suggest that the D. scoparium can be a promising source of functional nutraceutical. 
ABBREVIATIONS
CONFLICT OF INTEREST
